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Qualitative defects and resistances in 94 used gold foil electrodes were examined. The electrodes 
were divided into four groups of varying resistances and gold coating defects. Ten were randomly 
selected from each group to measure standard photopic electroretinograms (ERGs) in a normal subject. 
Ten new electrodes were used as controls. There was no significant difference among the electrode 
groups for ERG peak implicit times or amplitudes, although a slightly greater amplitude variability 
was observed for the groups with more defects. Provided the resistance of the electrode is low (< 5 ~) ,  
its reuse at least for ganzfeld ERGs appears warranted regardless of apparent coating defects. 
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INTRODUCTION 
Since its inception in the late 1970s, the gold foil 
electrode has gained widespread acceptance as a means 
of recording electroretinograms (ERGs) (Arden, Carter, 
Hogg, Siegel & Margolis, 1979; Borda, Gilliam & Coats, 
1977). Gold foil electrodes do not interfere with the 
visual axis and make contact only with the inferior 
cornea. They are well tolerated and can be used without 
local anaesthetic in many patients. Gjotterberg (1986) 
reported that compared ~Lo the ERG-JET, Burian-Allen 
and Lovac contact lens e.lectrode, the gold foil electrode 
was subjectively the most comfortable. Gold foils are 
commonly chosen for recording pattern ERGs, and can 
also be used for standard flash ERGs (Arden et al., 
1979), although they are not yet included in the Inter- 
national Standard for Electroretinography (Marmor, 
1989). Compared to Burian-Allen contact lens elec- 
trodes, gold foils have been reported as having smaller 
(Esakowitz, Kriss & Shawkat, 1993; Gjotterberg, 1986) 
or similar (Hennessy & Vaegan, 1992) amplitudes, 
depending on the gold foil type. Gold foil electrodes 
record larger amplitude responses than other commonly 
used non-contact lens type electrodes uch as the 
Dawson, Trick and Litzkow (DTL) thread electrode, 
but with higher variability, (Prager, Saad, Schweitzer, 
Garcia & Arden, 1992). 
Although used widely, no protocol has been set as 
to how often a gold foil electrode can be used before 
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being discarded. The product insert suggests discarding 
electrodes with resistances > 5 [1. In this study, a com- 
parison was made between ew and used electrodes, 
since we had observed that with repeated use the gold 
foil electrode developed small pinpoint holes and hair- 
line cracks visible on transillumination. A similar finding 
in gold stamper's tape used for electrodes was reported 
by Vaegan (1984). We determined the relationship 
between resistance and these gold coating defects, and 
whether or not the presence of these defects affected the 
amplitudes and peak implicit times of photopic flash 
ERG recordings. The photopic ERG was chosen 
because it was easy to record repeatedly in one session. 
METHODS 
Procedure 
A total of 94 Arden-Carter-Hogg type gold foil 
electrodes (The Electrode Store, Enumclaw, Wash.) used 
over an 18 month period were collected. Each electrode 
had been used in a maximum of five patients for a full 
ERG intensity series and/or pattern ERG recording, in 
separate recording sessions. A five patient limit had been 
our laboratory protocol. The electrodes had been 
cleaned with isopropyl alcohol between sessions. Three 
resistance r adings were taken with a digital multimeter 
along the length of the electrode; at the base, midpoint 
and tip, and the three results averaged. Of the 94 
electrodes, 17 had high (>5~)  resistances, and had 
previously been set aside as suggested by the manu- 
facturer, before our five patient limit had been reached. 
The resistances of these electrodes ranged from 15 to 
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130 f~. The remaining 77 electrodes were divided into 
four groups based on the presence and number of 
transillumination defects. 
Transillumination defects included pinpoint holes, 
areas of confluent holes, and hairline cracks of varying 
length (see Fig. 1); these were observed by placing the 
gold foil in front of a fluorescent light source. Group 1 
consisted of used gold foils with no transillumination 
defects; Group 2, those with 1-5 defects; Group 3, 
those with 6 10 defects; Group 4, those with more 
than 10 defects. Only electrodes in Groups 3 and 4 were 
found to have cracks. Ten new, unused electrodes were 
used as a control group (Group 0). For each group mean 
resistances were obtained. From each of the five groups, 
10 electrodes were then randomly selected for the actual 
ERG measurements; their resistances are listed in 
Table 1. 
Subject 
Photopic ERGs were recorded from one eye of one 
of the authors (SLG). The test eye was normal with 
uncorrected visual acuity of 6/5 and no past history 
of ocular disease, trauma or surgery. A Humphrey 120 
point screening test (three zone threshold related) 
showed no abnormal points, and fundus examination 
of disk and retina was normal. The test pupil was 
dilated with Tropicamide (1%) to 9mm. The eye was 
anaesthetized with a drop of local anaesthetic (pro- 
paracaine hydrochloride 0.5%) prior to placement of the 
electrode in the lower fornix. The recording session 
lasted 1.5 hr. The pupil was checked repeatedly to ensure 
constant size throughout. Only one further drop of local 
anaesthetic was required uring the session for comfort. 
Electrodes 
The gold foil electrodes were placed in the lower 
fornix, looped over the lid margin and taped to the 
cheek. Care was taken to avoid having the electrode 
touch the skin, and to ensure its position was always 
in the centre of the lower lid. Two ECG electrodes 
(Ag/AgC1, Lifetrace, Gananoque, ON) were used as a 
ground (on the central forehead) and as a reference (on 
the ipsilateral temple posterior to the lateral canthus). 
These did not change during the recording. 
r q 
F IGURE 1. Used gold foil electrode retroilluminated to demonstrate 
gold coating defects. The foil shows multiple defects--Group 4 
(> 10 defects). Cracks can also be identified. 
Recording and measurements 
A UTAS-E2000 system (LKC Technologies, 
Gaithersburg, Md) was used for recording photopic 
ERGs. A semi-automated Ganzfeld stimulator provided 
a strobe flash stimulus of 1.99 cd/m2/sec. The amplifier 
bandpass was set between 0.3 and 1500 Hz. Background 
luminance was 25 cd/m 2, measured with a Model 550 
radiometer/photometer (EG&G Inc., Salem, Mass.). 
The 50 electrodes were tested in random order. The 
amplitude and peak implicit times were measured from 
TABLE 1. Electrode group resistances and ERG results (means and SDs) 
Group 0 Group 1 Group 2 Group 3 Group 4 Mean Coefficient of 
(n = 10) (n = 10) (n = 10) (n = 10) (n = 10) (all groups) variation 
2.1 (0.5) 1.6 (0.3) 2.6 (1.2) 3.4 (0.8) 2.4 (1.0) 2.4 (I.0) 0.43 Electrode resistance (~) 
Photopic ERG O log unit 
Implicit time a-wave (msec) 13.8 (1.0) 13.7 (1.1) 13.1 (0.6) 
Amplitude a-wave 6uV) -41  (5) -43  (3) -42  (11) 
Implicit time b-wave (msec) 30.7 (0.3) 30.7 (0.3) 30.7 (0.3) 
Amplitude b-wave (/tV) 162 (11) 162 (9) 152 (25) 
Photopic ERG 0.6log unit 
Implicit time a-wave (msec) 15.9 (0.9) 14.8 (1.3) 16 (0.5) 
Amplitude a-wave (#V) -21  (2) -23  (3) -24  (4) 
Implicit time b-wave (msec) 27.8 (0.5) 27.8 (0.8) 27.5 (1.1) 
Amplitude b-wave (/~V) 83 (7) 89 (6) 88 (6) 
14.1 (0.8) 13.2 (1.1) 13.6 (2.1) 0.14 
--44 (5) -41  (3) -42  (6) 0.15 
30.9 (0.6) 30.9 (0.5) 30.8 (0.4) 0.01 
164 (26) 156 (18) 159 (20) 0.12 
15.3 (1.1) 15.4 (1.1) 15.5 (1.1) 0.07 
--23 (5) --23 (3) --23 (4) 0.16 
27.7 (0.8) 27.4 (0.4) 27.6 (0.8) 0.03 
9l (7) 86 (7) 87 (7.1) 0.08 
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two stimulus conditions: a full intensity flash and 0.6 log 
unit neutral density filtered stimulus. Each ERG was 
derived from the average of 10 ERG waveforms, 
recorded with a 0.5 sec interstimulus interval. Each trace 
was visualized on the screen and on-line averaged. 
Artefact rejects were set at 400/~V, and manual rejects 
were incorporated where there was any clear blink 
contamination ot automatically rejected. The a- and 
b-wave amplitudes of the photopic ERG were recorded. 
The implicit times of the a- and b- waves were also 
recorded relative to stimulus onset. 
RESULTS 
Figure 1 illustrates the types of defects found in gold 
foils for Groups 2, 3 and 4. (No defects were found in 
Group 0 or Group 1.) 
Table 1 summarizes the mean resistance measure- 
ments obtained for the five electrode subgroups (n = 10 
for each subgroup) that were used for ERG recordings, 
and the mean amplitudes and implicit times of the ERGs 
recorded with them. The mean and SD of amplitudes 
and implicit times across all groups, as well as the 
intratest variability (coefficient of variation) are also 
included. 
Of the 17 electrodes Which had resistances >> 5 f2, two 
had no defects at all, 10 had between 1and 5 defects, one 
had 8 defects, and four had more than 10 defects. The 
finding that even those electrodes with no apparent 
defects on transillumination could become problematic 
suggests that other faults with the electrode, such as bad 
mechanical contact at the. junction between the gold foil 
and the lead, may affect ERG recordings. We attempted 
to record ERGs with several of these electrodes but 
found the baseline noise to be unacceptable. 
A Kruskall-Wallis anaJkysis of variance with tied ranks 
was used to determine whether there was any significant 
difference among the fiw~ experimental groups of elec- 
trodes, in terms of their measured amplitudes and peak 
implicit times of a- and b-waves. No significant differ- 
ence was found for photopic stimuli at both full intensity 
and 0.6 log unit for any of the four parameters (P > 0.1 
for all significance tests e~cept for the 0 log unit a-wave 
implicit time, where 0.05 <P <0.1). Figure 2 below 
illustrates the typical photopic ERG tracings from 
Group 0 and Group 4 e!Lectrodes. 
The resistance readings did not appear to correlate 
well with the extent of defects in the gold foils. 
Figure 3 demonstrates the relationship between the 
mean resistances of the electrode groups and the gold foil 
transillumination defects. 
An increase in resistance of the gold foil electrodes 
did not correlate with a decrease in amplitude response 
or an increase in implicit times. Group 3 (6-10 coating 
defects), for instance, had the highest resistance readings 
of any group, yet at full intensity stimulus recorded the 
highest mean a- and b-wave amplitudes. Figure 4 shows 
the plots of resistance to (A) amplitude and (B) implicit 
times of b-waves at the full intensity photopic stimulus. 
The 0.6 log unit stimulus had a similar distribution. 
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FIGURE 2. Superimposed photopic ERGs from a gold foil electrode 
with no defects (Group 0) and a gold foil with > 10 defects (Group 4). 
Intratest variability (coefficient of variation, see 
Table 1) for implicit times of a- and b-waves ranged 
from 1% to 14%. Intratest variability for the amplitudes 
of a- and b- waves ranged from 8% to 16%. Inspection 
of Fig. 4(A) shows that there is a wide range observed 
in 0 log unit b-wave amplitudes. The means for all 
groups were the same, but the variability of the b-wave 
was greater in Groups 2-4, as evidenced by the greater 
SDs (see Table 1). Therefore some caution is required 
interpreting a single b-wave amplitude when reusing 
gold foils with multiple defects. 
DISCUSSION 
The purpose of this study was to determine the 
reusability of gold foil electrodes and whether the pres- 
ence of defects in the gold coating would affect the 
recording of ERGs. Each electrode had been previously 
used in five routine recording sessions. For both 
full intensity and 0.6 log unit photopic stimuli, mean 
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FIGURE 3. Resistances of electrode groups plotted against gold foil 
transillumination defect group. The regression line shows a weak 
correlation (r= 0.33, P = 0.02). 
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FIGURE 4. Resistances of electrode groups plotted against (A) amplitude and (B) peak implicit imes of b-waves, at full 
intensity stimulus (0 log unit). No correlation is demonstrated for either (r = 0.07 and r = 0.08). 
amplitude measurements and implicit times of the ERG 
were not significantly different among the five electrode 
groups. Despite the visible defects in the electrodes, 
these values were similar as long as the resistance of the 
electrodes was < 5 ~. There was, however, a greater 
variability in the 0 log unit (full intensity flash) b-wave 
amplitude for the groups with more defects. This was 
not observed for the 0.6 log unit stimulus. The fact 
that resistance readings did not correlate well with the 
extent of defects in the gold foil electrodes corroborates 
Vaegan's (1984) finding that some electrodes had pro- 
duced very noisy recordings despite relatively little use 
and appearing to be in perfect condition. 
Applying pressure to the foil-wire junction can briefly 
overcome an associated increase in resistance from a bad 
connection in some cases. However, electrodes with 
resistances > 5 ~ after this maneouvre should probably 
be discarded. Our data suggest hat whether or not to 
use a gold foil depends not on the degree of visible 
transillumination defects on the electrode, but on the 
overall resistance of the electrode. In the five groups of 
gold foils studied, there was no correlation between the 
mean group resistance and the amplitude or implicit 
times of a- and b-waves. 
A relatively high variability associated with recording 
with gold foil electrodes has been noted in the literature 
for sc0topic and photopic ERGs (Esakowitz et al., 
1993). This was also a finding noted in our study, as 
shown by the coefficients of variation for amplitude 
measurements of the a- and b-waves (Table 1). Prager 
et al. (1992) reported that gold foil electrodes produced 
twice the variability of Dawson-Trick-Litzkow thread 
electrodes when recording pattern ERGs. Scotopic 
ERGs recorded with gold foil electrodes were associated 
with a lower degree of reproducibility than that of the 
Burian-Allen contact lens electrode, but this was not 
statistically significant (Gjotterberg, 1986). Intertest 
variability in recording could be due to many factors, 
including the time of day when recording is performed, 
placement of gold foil electrode within the lower fornix, 
as well as variations between the electrodes. Despite the 
relatively high variability, and reports that the gold foil 
electrode produces less of an amplitude response than 
other conventional ERG electrodes (Gjotterberg, 1986; 
Esakowitz et al., 1993), this electrode is still considered 
a useful recording tool. It provides good contact 
with corneas of any curvature, does not create optical 
distortion, produces minimal conjunctival or corneal 
irritation, is comfortable to the patient, and is useful in 
prolonged testing sessions. 
The measurement of pattern ERGs with gold foil 
electrodes can be more troublesome, as the signal-to- 
noise ratio is much smaller than those derived from 
photopic stimuli. Although the subtle defects in the gold 
foil electrodes noted in this experiment did not cause 
noise problems for the ERG, they may still produce 
more troublesome noise in the recording of pattern 
ERGs. A reproducibility study for pattern ERGs was 
not feasible in one session on so many electrodes. 
Routine measurements of the photopic ERG, with 
gold foil electrodes that have previously been used in up 
to five consecutive cases, appear to provide reproducible 
responses provided the electrode resistance remains low. 
However, maximum intensity amplitudes may need to be 
interpreted with caution if the foil has multiple gold 
coating defects, due to greater variability in these groups 
in particular. 
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